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:MATERIALS FOR BEARING AND SEAL AVPLICATIONSIN -
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T . INTRODUCTION - ) > /
O '“é:}’“ / -

o
5 R

In recent years the demaad for higher ﬂxghsp«ha-d greater per‘.omed Ao
mmnrramnftmfmudmopennng couhmdm.yeegme ”ompmmhzyond ’
the capacity of conventional maserizls. The recent techaslogical advamces in high-
teniieratare eagizeering materials has been tremendous. However, as the temperatare
and corrosive: ‘asdthmmmmdtcraftpo-erplausm incressed,
Mmunﬂsu&brr&hnmrcwundsadmthnbecm
particalarly critical. Efforts to cool’ theae parts and t» isolate them fros corrosive <
fluids have raerely served to redace the efficiency of mechamisms beb'thatpwenﬁal N
made possible through the use of rmodern, ln;htempeuuxe strectaral alloys. R

‘l\ o
NS

it

In order to assess tue present suudmﬂerni&vehpne-t for aircraft rubbng <
wear applications, amyd“mrsandmmhcuﬂndbazngs, scals, cenﬂ:nc
materials, accessory equipment, Maiunhmmm(&mlhﬂsﬁecu}

' Report Ne. 122- dated Octeber 31, 1956). Rt was found thae, mepeubn
nmn&mmhﬁq%ﬁumm&-mwb‘m&.ﬂ&ms

and seals, tunmuieﬁatlnamsmquaﬂmmmu

‘restricted to the equipsment manifactarers who, quite materally, 7 re coucerned with the
‘volution 0f their immediate bearir; iud scal probléms. mnwmﬂem o
factarers of aircrd. aaYary power units (APU), aircraft accessories, and 10cket -
mourliqudwlh-tp-:p The enviroamestal conditions for bearing ard sce! . - ¢
qeraﬁumt&uanltaﬁmmwum mumrsm A
asmmuemtbdevelmcuc(wwgamddemfuthubumadseal R ¢
aplwatmﬁt&mmndwrﬁmed&umhmwmhmdu&e )

near fatare. < , s ) S
C’ TN ‘_ N ’\\3 3 v )j{f' VRV -~ . ‘r;,"y . . o Q
v ;\ N

@

Thonm&chmnmmm&udmahcnnencmnmwdea ’
preolimimry smdyo(alewcon-ercnllyavahbk ceramic asd cermat materials tn
_scme. of the ‘envi riomnents that i o mmrd(mh‘m‘aﬂmnm.aﬂmht
W The cffort devoted -was iztended a3 the Seginmisg <f & compachensive
progmb(mnenﬂs develwauienlmwfmauwadum«ucw ‘
advance . "odc(au-cnft power plant systems. -"'j <

s - PR R

EXPERIMENTAL PRQCEDUR}S AND RESULTS >

IR
2

A selected number of materials have been cvaluased for high-speed robbing wear
- and corroeion resistamce in four different enviromments, choser:10 represent a Cross
section of the conditions encountered in the vicimity of the bearings asd sezls in care:mt
and anticipated APU and hqmd rocket propellant pamps. These enviroamezts were as
foliows:

mnwn&a‘nﬂh-nym&?thmncwﬁmrmm . o
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“o S (1) 200°F, TP-4 jet fuel D
oo . ) BN
e °7 @) 80°F, JP-X rocket fuel 5 U seg Cg ;
B i K ) . - ~ I “ \?
(3) Oxidising gas (essentially air), up to 1400 F °~ ¢ SIS o o
N S - Y . ~ o ) _?\ O .
* (4) 160°F, inhibited red fuming'nitric acid (IRFNA): L
; oo . N
v ngh-speedcrubbing wear-evaluations were conducted in the first. three of these eaviron- . v
ments, whl’e the experiments in the nitric actd were timited to the ltatx" corrosion of -
3 lelected materials. oy E o -
r_\ % T S - ~ ,
= ‘l‘he temperatures of the liquid fuel emnronment- were the marimum that could -
. be maintained in the apparatus without excessi e evapoutiou. . . -
R s ¢ ) 7 o o > e 0
, Lo Rubbing Wear Evaluations - s 2 oo w o
= = R S {
o° cc <
De:crzptlon of Apparatua Used in Rubbm! Wear Evaluations 2
o . } D , ;
D ‘Tne rubbing wear evaluations were conducted cn a piece of avnhblr "ppuratris’ S

o

that had been modificd for these ezperxmentl.«,;( phooograph of the equi mzat is chown o
in Figure 1. J’hu ‘apparatus featured a high-spee spindle znd tunm. beit drive -
& “capable of spindle speeds.up tc 16,000 rpm. An adahhr was coutructed so that a

~ four-inch-diameter, waobcr-:haped specimen of a Tspective seal macerul could be o
~ ° mounted on the end of the spindlé and heid to lens” 4a G, 0vb3-inch total indicatsr 5 0,0 °
0 reading run-out of the front face. Three, onc-half-inch-diameter button specimens of - 2
' the mating seal material were mounted in a holder and Japped 8o that lweis faces were )
all in the saine plane within 0, 00001 -inch deviation across their contacting suzfaces. O s nT

The button apec:mens in their holder were mounted ou the «nd of another, sutiomr)
spindle, througha ulf-alxgnmg, ball and ancket joint. The lapped faces of the buston o
specunens presved against the front face of the rotating washer-shaped specimen.
= Thu-,\ the contacting surfaces were held parallel to each other to minimize any fluid
i - wedge action at thesc anrfacea fl'he resulting fluid mm thickness should be in the o
~ same order of uugmtude ‘as that found:in face-type shaft seals. The rubbing suriace
> speed between the specimens was about 200 foet per accond which s representative of
the surface speeds in most APU and rocket propeilant pump face secas and cleeve
be..nng apphcauona. T, N c

- - - & ]

Thu method of matenal evaluation was chosen to simulate as closely as pouxble

. > the type of rubbing wear that is enconnured ic iaco seals and, ar the same time, to " -
utilize small specimens of nmple llupe that can be iabricated easily from a variety of ° -
materials. Of courze, a more. exact ‘eviluation of seal materuh fot 2 parncuhr 2
) application would be accomplished if actual seal components were h:-n-‘ateo irom the
prospective materials and were evaluated under service conditions, However hy . -3 )

ke-ping the specimens simple in shape, the evaluation of materials that would be
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Washer specimen 7T 7 b '!‘eat-«.hambc:r hd o
Buttoa specimen bolder ~ _ © <75 Gas burner_ ’
and specimens oo . 8. Exhavstpipe o

Rotating spindle- - - ’ "9, ,Eall-bushmg, lmea:-motxon

Stationary. spmdl,.w W e R f.) spindle guide -

Test chlmbe \3 -7 16, Rtltrumng arer Jor measaring

. oo e friction torgae, .

o - > c RS (

FIGURE 1. .EQUIPMENT FOR THE RUBBING WEAR EVALUATION OF
PROSPECTIVE SEAL AND BEARING MATERIALS IN A
HOT OXIDIZING GASEOUS ENVIRONMENT, &
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d;fﬁcult to fabrxcate il aeal rmgn can be accomplulwd much more quickly and
economically, The duixummment” aaeed in this program was designed to ccreen materials, <
both commercial andxn epr—imemtal, for their rubbing nar characteruncs under con-

ditious simulatiag tiviil fid . sepxice mfm m-a s 0 ¢ o

O
©

The muourm-pum on which nn Lutton spicipans wre hold, was mounted 6
oA a stsel bave plate & [wams Besirained fvom rotsiing: b8 Cantilaver momber on ‘ 3
which strain gages wrern neocuted foy r thir: frictipn tarque 2t the rubbing - N
. savfaces of the speciwim.  Tha rotating wa g movstod' s Linesr -motien ball-
bu-hhgaiaauhawmu.um-mo nmmﬂy%nwquwrv o
spindle, mMuwwmw-mmmun-Wanm . P
‘aiz mnu? im a mertticalic ¥ beileows that wn attached to ths bz2ep plate 7d way pressed <

- i G

against the rotating finipilles honm , . 5 ! \
The ends of thyw! v mspindiles, Wm&n apciuut, mn@!ﬂmﬂ ma

te st chamber into wiktisich theme emwiromumantal wowe introduced, The ., N

JP-X and-JP-4, werisi: gp=lid ina jot on trask of the retating. .

a flow rate of about (8!l pemnie pex minute,. FWis wnewnt was smfficiont  bpthe thc c >

contacting surfaces vt thae liguid a5 to 3 heavy mist in the test chamber. o

Tie hot gaseous envimTunenl was apgpliod by 3 a5 burner similar to those jathe ‘

combustion section d1® niircraft gae-trrbing power plant. A crees section of this : N

burmulh'-umﬂwum 2> "The Tt combustion producis of ssburai gas amgi-air
were mixed with addiwikinl . air inthivmvnd weye istroduced into the tpst chamber
ﬂnon'ht.‘wud..mwiwwi..cml The gropois suvivomment thet was supdiil in this
mansar shiruleted th i’ inomsphere in the tusliipe ssction of & gas turbine engime. The -
slight reduction in th ®e nygger C-ontent:frem thet.of narmal 3ir did ace effect appreciably

AN

the oniduwg charactibesivimcs off this aﬁim g < .
< ’, > 3 o ; o - - C N
Dncu!txon of Test frm'm_m; in lﬁhin! an: WW - :C = ﬁ

PR X Po) NS N ol

The specimensf b olprm:pecpiive seal materials were 9reparcd by grindirg, lapping,
and lead lap polishin/tl¥i: it roubbing contact surfaces to the best finish that could easily
be cbtained and to a fitiilixssss of less than 0. 30001-inch deviation. The compositioa
and properties of thens niexridls that were studied in this progrom are listed in Table: 1, o
After agsembling thens nitexrils for sach wear.evaluation in the equipment, the A
specimens were broihi)gll ineto contact under a nominal load prr=sure of 5 psi on the
conta.ct area; the envtaitumneental flaids were introduced and the rofating spscimen was .

brought up tospeed. T T¢ Mfriction at the rubbing surfaces was monitored carefully as S
.the load was increasl bt 55-ps® increments to 20-psi contast pressare. After an | : =
initial increase in fritiixin folowing an increase in load, the friction usually settled - D
_.loum to a steady-stat vie nlucae thiit was somewhat higher # *han the friction for the lower PN
“load | level. The loadva¥ Wi ract imcreased_again until this steady-statz value‘had been s

. ~reaced. The eval lugioniing  in thee hot-air envircnment were started at about 400 ¥ air :

temperature and 5-picilimkact pressure. The air temperature was increased gradualiy
up to 1400 F before aamite -mpt was made to incrense the load pressure. The specimens Ty
were operated for on bl e lnr— at 20-psi contact prenure in all evaluations unless a i
failure causz? By T ST ER S ISR SWIE U1 utc»ca‘\uy:uleut. T Failuics Weid uis "' indi Cas &~ szl
by an abrupt increas im - ilr -iction and noise. X S

N o < ‘ - . < >
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Resalts of m"ﬂt Evaleations - o o N
o . o) ~ - AR

Amydtbeh:gh-apeed mbbmg -earm!..aw u;nmmdm’r&uez .
In the two ligwid environments, JP.-4 je*’ nel and JP-X rocket fael, the wear chitractes-
istics of a selected sumber dmwrm against ‘oashey mcmw
AIST 442 C saitiess stvel were evalusted. This steel Was seloctsd as a comemon wear
component in the liguid ewvircareats, since iz is freqointly weed Sor parts in APU
mgxhnmm-mmmaum mmh-—-wsimm °

P T

aﬁemﬁnMMmﬁnnWat&mA, awm

nitride, a synthetic mi~e, aadmmka-—mmagpom were found to bave
fmﬁmaﬁmwrﬁe.uluﬂu&mabkuamm Tre ;
best of thess, 2 borow aiirids vidy 2ad 2 nickil-mics cermaet, werked oo meil that 4
thmrﬁwhnmhﬂyn%mt&mcm%ﬁ;vm Am - ) ol
. experiment with a represemtative, w-ucummmuwy 7
low coefficient of frictice for thit materiai’ rmw&sm“mlhm

;. However, as shown in Figare 3, the serface damage ou theee specimens wouid seem
pmﬁiﬁnmanﬂam It is possible that the smusualiy smooth surface

finish om the specidicns in this evalmtion might have accommted for their low friciion
~darngnomlo’enli¢n. The sarface mgecuummmm
mmdmmwammamm The nimmira .
MMMmmAmm@ymcmuwwmum “c N
nnw AMﬂﬁemma&rm@mM&m
porcelain is she=n in Figare 4. Pmthmdmww,&um - H
&mﬁmwm&cww

I
-z

S
o h
<

[$3

¢

Mdthm:nltu\nremvesupmdnthmulwwnun- ' .
2 evaluated in JP-X. Neither ooe showesd sxceptiona] nreemiss 3z 3 seal smaterial ia A

this new rocket foal. mmm&mws-leudcm*uﬂim = :
m)m“am;uu&&wssmi@mwwyam“af wQ
wear could be measured.- ‘l'lnegmhm soecimens incurred more sarfacé damage asd
wear in the JP-X in 45°misuie s of total operating tirae tham they incarred in the JP-4 .

in 95 minutes. In fact, the JP-X caused the graphite vanes ic the sapply pump to

mrunpﬂlythtfnt&remwmmm with the presest pump wese : , .

preveated: In the twe evalumations that were made, the flow rase of the rocket fuel was .
" somewhit ¢ rratic, pocnblyxﬂlnucngthemrol&e sp.cmmurnls

amevamcwuummmn.mem—m ooly owe “
set of cpecimens operaicd withous s viace failure jong eacugh for the tempevatare to be |
increased to 1400 #. This set, toron carbide buttons rubbing against alemisx
porcelain, operated with friction coefficients beteeen 0.31 vto O 41upsumpoms :
ap to 1200 F. However, whan the eaviroomental terperitare was iacreased to 1400 F, PR
the frictiom rose to 8. 55, After about one minute of operatien under a load of 5-pei
coatact p:enmmiﬂ;-ﬁ?m, the corifi~ient of frictica jamped suddenly to O.94,
indicating a vexy high raie of heat gemeration at the robbing surfaces. About 38
oeco-dsafterthssni&.nmcremmfruummmmmmnaﬂﬁem
specimens shattered, causing the immedizte : ' wtdown of theqmu. -Possgibly e
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the thermal shock from the frictional heat generation imposed excessive sirosses m
the ceramic specimens, o

O

o

. in the otner two rubbing wear evaluations in the it ghsuver edviroinent, the
' specimens alao exhibited prematues surface faflured, 3ithough thy were at lowrr
termperatires and were not as vidlent as in the cvalumm just dbwezthpd. Even
though the temperature of the environment in the supex et with - - stdation-
resistant graphite rubbing agaunst AIB ¥15 C o he“‘ oteey qu 860°F,
the wear and surface damage that ofcurred in ) de¥ that Bite cowBtmttem would not
> be'desirable in a seal. B the evalustbou of the minkal.nies ety agetnet the Alamine
Coating B, the coefficient of friction increswed mnmfy oo 6. 160 6,97 afver oty
-~ 90 aecondtofoperaﬁm\ltalou!pﬂmds iy of continaed
operation, with the friction osciilisdluy ¢ vrutically M 0. 3F w8, %, produced the ©
lurface damage shown in the photogmpk o Figure 7

o B o

o~
N

o | w‘mwmyﬁ I

[¢] <
Va uqmd-rockec-mm mm e uw mm is the omidiser,

inhibited red fuming nitric acid ((RFNA). Frow!a list of peeniile camliints materials -

for seal ind bearing applications in (34w liwwid, /Siiptew were seibessd arl given 2

sc reening-type evaluation in TRINA ts dutsrm s which Mot kot be climiusted

from further consideration due to encouvive ¥ ;uek in tide stdongly corrosive medium.

' Only those materials which were thought to-hsve soms pousielitly. of withstanding the

- ~n attazk of IRFNA and those which rupnouhdt geversl clave of comanercially available
S vru'e, cermecs, or aha-n were suhct’@ lor thess nm stodiss, _\ 0

<

. s, &t w‘f!g;ﬁ rﬁg I"‘W‘ﬁ ﬁﬁ-izn, m
In this stniy, &6 crrreston m\...mam.' 2 t“to IRFNA in an
autociave for six cays at Iiﬁ-i'is F. DR, ¢
pt .
Apprnximately 1.5 liters of IRFNA was supplied in udm comtatner by
” WADC for these expcrfmnnt-. Hydroffuozic acid is the inkibitor esed in this acid,

QG

and it is added to inhibit the corrosion of the stainiess stwel and stumisum cortsiners R

that are used for storing red fuming nitric acid (See WADC TR 59-109, Phelps, Lae,
and Robinson). The analyeis of the acid which was suppiied is compared with the
Military Specxfxcaﬁov—tox Tvpc Ii-A IRFNA in Table 3.. o
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TABLE 3. coumsrmm or IRFNA

Stock Acid, MIL-N — 7zmws.u1
= Component par cent o per cast -
HNO, 8.8 813 - 8.5 . _—
(S "  X -7 Haro
H0 3.2 25205 ' \
Ast. 0.03 o 1 e °
HP 0.6 ;" . 8,640,1. o
@) \,‘/ I - -
- ] "
De-cripthuofa_naam Uu‘hﬁwkw ¢ e
3 r) v
Telloulised’ uong 3 Mm W»mmm the: o
exposure period. ‘rhe-enu u-llwi\i ) ‘ Sinl'bn)uulﬂ)led
Two of thess were fitied with Teflen m;q}mm
- of staimless stesd preesare tublag. Dyt‘ R srramgensuat of fittings
lh flaved end of the pirese. . tubing

after the cap had beea threaded onte the
could be drawn into the Teflon plug, isus exppading it against the Teflou-.o-ed wall

of the bomb, This formed i simple Bridgeman-type closure which tends to seal better
as mase pressere is exerted wiia ths bomb. A twe-may stalnlsss st | presaar.
vunmamcbdmrhedammm Ono-lhumﬂisnhevu
used for fililag and biseding ofi emcess presssre {rom tie bomb. u-ﬁmrm
comnected toa 0 to 100-psi stainioes steel pressare gaye. The pressure tming <o -
mmh”wmmnm““&m Tiin. sedien partially filled with
Kel F 10, a fliorolube 0il, served s a trap to prevest 12 highly corrosive vapors
franmchngthm-cmﬂmo(th” o

m:anmblymwwmu l“r-iﬁmmciusupum
Saubsequent analysis of the acid for copper and nickel showed, by the absence of both
of these élements, that no attack of the Monsl waills of e astoclave had occurred by

acid leaching thron'h the TeDlom limer,

‘The corrosion mcm“mmmmm lllinchudmuer
bylumchlang T&mmm&.mwma-ﬁchm 2

. . xrreguhrlmslapad but of approximately squivalent dimansions. One face of eack

specimen was hmdwahuh!mmm&cmdthcomsm
sarface damage. Prior toespoure all specimans were cleaned with 10-kc sonic
vibrations, using detergent and water, Mmeaﬁnuhd Special
ho!dtrs cut from Teflon sheet were uud'hohold the mcunmu submerged in the acid
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i© - inside the bomb. This is mm:.,mi id Fiore ¢'Wiich shows the specimens, holder,

= uwmauwmr losurs - device,

- O

(o

s 3

s

Am = %_‘ s H 3736

mms. Autm:mvz mm m
HOLDER, mmmmmm
connosousrunmmmm : :

N}

Test Procedure and Results of Static Corrosics Stadies

S SR

- o

o . 5 The procedure that was followed Mﬂphmng!uxorﬁn cleaned ami
e S - weighed specimens. in a hoider inside the bomb, The bomnk was then sealed aid

% placed in-an elactricaily heated water bath, After all the tubing counsctions had beea
: made, the system was evacuated and allowed to stand ustil it wae certain that a good
' uallndbeonobtumd. Ouce this had been established, 40 ml of IRFNA was added
bymmdmﬁmuﬂq;plyethﬂmh-tludt&. The system was vented to
o o a.-ma-urun'pnnmdoneam-phu, and thea it was closed. The bath was
beated to 160 I and held at this temperature ior six deys. ¥ four specimens were
used, ‘the ratio of acid volume to surface zrea of specimens waa abeut 12.7 mi/sg in.;
fiwve specimons gave a ratio of about 10.1 ml/eq in. There wus abeut 26 per cest ullage
‘in each bomb. The pressure which bailt up in the bosnbs during expesar~ was animdi-
cation of the amouunt of coxrosion taking place. I the abssacs of speLimens, a pres-
-— sure of 26 psi was reached. For the reasomable amount of carrosion that occurred
in the first two bombs, the pressare reached 40 to 50 pei and in the besnb comtaining
_ the last five specimens, where corrosion was decidedly severe, the pressare reached
~ 100 psi after Y 'days® exposure. This bomb was bled until the pressore was 35 psi,
Q but it climbed %» 62 psi before the end of the test.

o
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" TABLE ¢. WESULYS OF THE STATIC CORKONKIN TRTS G PROMICTIVE CRAL
N ( AND DEAKMCG mmm?mnm o )
(Six Days® Kagposucw, o0 - oz ey
o
) . .
Aoy
Weight ) © y N
Luss, Chumge, Lons, - Cluuge, Chudrentions of Specimens ) N
. Matorial o »g. por oo mg I pew comk . mrM
WC-TaC-Ce v .1 «3.04 40,8 B ooy costiip, eschad
} WC-platinum : T 1362 106 1.5 Ex ooy sentlsy, stchad . <
Boroa carbide .2 49,06 [ X ] 5,08 Mgt Nian resmeved by clesmieg
Chzammtwss caybide -xickss ~ 13.0 8,25 . 18,3 -0.57 Mighity stithed 7
4 > :
) Syathetic mica 1.9 -Gon 2 WAT Mgty ebched - >
. & Nickel-mica %.9 0.0 *y R Mocind, selective staack of Ni “
oo High-donsity aluming [ 1 . +8.083 [ X} N ) Wecknaged irem eviginal
" Alumina-chremivm - L XY -8.08 S8 -0 Mgty etched
Q - - [ [9Ree ) = o
Zircenia coating on ANI 448 C 26292 -42,.99 P WY “8,5 Rorew vertacy g B
atainless steel - . : ~ -
- AIST +40 C seinless stesl 29933 -45,28 WS w36 5 el sestece ise N
Cobus -huse Zllev A - 40,1 -6.57 4.3 -0,61 Savte el st kod <
Cobalt-base Alloy B . Q‘ 0.4 -0.27 L X ] -6.18 Sighily wochet
{ron-sase Alioy ¢ 15380 au.nx 1oue.d | -28,76 Surface ereivé
Note The iron-bass alleys, ANl 440 C stualove stosl and Iren- h.Al-yc, mmym Thie astack
oe«rnins-lnnn_ornuﬁ e were do waliersply in dm-ﬁ--‘m&u
- [
n. AgE ATER per mp wag sbout 3.8 oy ia, : o Z
) 7 -
= The compesition and 2 proy of the : )
o R ) i <
i :
i
I N
- > <
v
o N 5 i o .
7 © o 5
~ ~
4 s
& 7y . \\1 o~ o~
“ . 3“
~ o
¢ . e A '
z o . o
< e} B
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% At the end of the exponm period, the bombs were cooled, vented of men
_Eg ; pressure, and opened. The specimens were thoroughly riused witk water and oven

I

o dried. The specimens were weighed, 2ad cwaner; by w-l\-c _somis vibrations in deter-
S gent and watey to ioosen any particles or_-orrosion prodncm ‘which cculd be removed
by a scrubbing a:c:'im:. then, they. were reweighed. © &
:The results of these zd:tocnhg»type evaluativas are giveun in Table £. Since the
experiments were designed only 0 select the materials which are practically unattacked
by IRFNA, the corrosion is-expressed i percentags of change in weight friwn the
"~ 2 original weight, From these results, it would appear that borow carbide aisa high-
"7 density alamina show the most promise as’maierials for sesl and bearing application
in IRFNA from a corrosica standpsoiat. it is possible that the_surface hrating and
resultant stroases arising from use of these matsrisis as bushy and senls might
alter their corrosiom resistance t0 a considerable extent. For this reasom, it must
be remembered that these are ocreening-type evaluations and must be followed by
tests in which the material is servisg its intendad uie in IRFNA before apnci-t o
picture of the applicability of thase materiale can be obtained.

&

&)

¢

Since some missile applications do nct call for protracted exposure of the
rocket motor to the propellants, it might be well to comsider for farther avalastion
some of the othrr materials which were only shgmly attacked during the six-day
exposure. Such materials as almim»«.hromim symuuc mics, chrowdiom carbide-
nickel, and the co!.alt-base .nm might be ccmmnd, in the order pvé:, in this
category. B < N

~

<

N S0
. o ~ DISCUSSION AND CONCLUSIONS T

»

The preliminary results that werz obnined in tlsia program in ithe high-speed-
rubbing wear apparatus corroborates scenownat the mrhh—cmﬁhty -
mation trom field service experiesce tlat was learned in the aloresoentioned survey.

v The sati-factory behavior of mica-containing materials in some liqeid envirormments
o _  and the abrasion and excessive wear of alumina porcelain with itself and with sksinless
= " steel in some applications wes substantiated by the experimental results in the JP-4
. emvironment. Also, the superiority of the borom carbide versas alam’as percelain
o comnbination in the hot gas might bc expecied in the light of somas fleld expericacs,. It
would seem, therefore, thai the equipment and proredures which were developed and
used i this stody provided a’ ‘realistic evaluation of materials for seals and bearings
in aircraft acces-ory eqmpm.nt and rockst muor applwations
i °  Several materials performed satisfactorily in the rubling wear experiments that
° were condmudePdptfml Since thuemmdulmtmrtoprcnﬁny
s , P viing materiel prv:z"bleml in these evaluations, it is possible that m&er;ﬂh are
’ ,cf‘}vauwn for moat futire, as voll as present. bearing and seal a!plnca'umt in this
L tleidl .
> However, :im’ #x-" 'mental resclts indicate that the future use of JP-X rocket
fuel and nitric acid cxidizer (IRFN-1 | -ie missile systems might intensify the materials
problems in seal and bearmg companem “s that are ‘exposed to these two environments.

o~
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The graphite auﬂ boron nitride materialy that werw successful in the JP-4 evaluations
suffared an appreciable amount of surfars damage and wear in the wp-X. _Evidenmtly,
the JP-X atfected these materials in such a way as to seriously hamper their lubri-
cating mechaniems. Practicauy all of the materisls that wevre evaluated for static
corrosion resistance in the nitric acid were attacked to some extent iu this strongly
corrosive environment. Gross:corrosion of a materisl would make it ansatisfactory
for Yearing or seal applications from a structaral vwa’r”pém\t ' Even stight indications
of corrosive aitzck are importsnt in the evaluation of Diiay wear materials since ihe
charvacter of the surface determinss its Iricticn and w pmperﬁc-. Wear aud friction
may increase as a result of curface roughaning bythe corrosive action. Aleo, rubbing
weir can sccelerate corrosion by removiag the corrosion products aod pnm a

fresh surface to the environment, Ou the dther hand, m:lﬁwamwdcmmm:~ E

some ok these suﬂé’empaﬂmmmymawthpnm of a surface remction that

: hopefully would contribute 16 the labrication of the maverisl in a2 ranwer similar to that

in which onide films prevent «ae scrface welding and scorin;otmmﬂhﬂ. Mirst
and J. K. Lancaster, "The Influence of Oxids and Luobricant Films oo the Friction and
Surface Damage of Metals™, Procudh!s of tb Royal Society of Losdom, Vol 223,
May 6, 1954, p 324). V- N o o
mmzmmammsmcmucmamhmmmwpm
environment indicate the severity of this aumosghere on the rubbing wear performance
of the maserials evaluated. Apparemly the combiusd corrosion and hest effects were
sufficient to dierupt any surface luorication mechanigms Jbat might have prevented
sxcessive dnmage and wear. The incorporztion of rubbing seals and bearings in hot
omdxzmg gases will probably be delayed by tho lack d suitable materials. -

It appears that in the three unusual enviromments, JP-X, aitric acid, anl bot
oxidizing gas, the usval meshinizms dldn-icaﬂuanﬂ wear resistance in seal and
bearing mate.ials might be advctuly aifected hy the corrosive agents preseat. A
more thorough understanding of rubbing contact wbru:aﬁnn, 1. e. ;. the mechanism by
which material surfaces are kept separated enough dutmg rubbing conﬂct o pmt

e B

excessive wear aad abrasics, is assded ¥ materials art 1o be deve for i varieiy

of atmospheres that are expected in future aircraft power plant systems. It is poesible -

that entirely new mechanisms of surface filin genaration and maintensmee will have o

) bedenlopodlormhdtheuemm ilopefully, prospeciive ua!animm;

materials might be designed to operate in'these finids under the protectiom of lubri-
cating surface phenomena similar, perbaps, to those Tound in extreme presaure fiims
and layer-lattice type structure materials (like graphiie) in conventional applications.

ON

RECOMMENDED FUTURE WOR!" s

©

The ‘development and fabrication of new matsrials for cievated tamperature and
corrosive applications has increased tremendously in recent.years. Howewer, very
little effort bas been devoted toward the tailoring of such materials for rubbing wear
applications such as are found in bearings azd seals. The mechanisms of wear,
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lubrication, and surface fSriction in the mmrdnary enviroaments sur rounding m
APU and rocket bearingsand seals can be quite differént from thore o:dinarily
encomntered. Such envirommental fluids might well disyupe the regene:rative meclmsiun
of sarface films, foegd t0 be s0 invportant in ke lobrication of some materials baving -
& hyer-h:tu:e-tm siructare (V. R. Johuson, “investigation of the Mechanivm of
Molybdenam’ Disulfide Lubrication in Vacuum®, Journal Applied Thysics, Vol 27,
October , 1956, p 1173). Materials of this type of structare have been successial for
many yearc in scal and bearing applications {graphite), and effort should be devoted
toward the adaptation of similar mechanisms of lubrication to elevated temperatare and
chemmany corrosire envirooments.

It is recommended therefore, that an extensive pregram of matsrials evalcation
and development be initiated toward the solution of these unuszal lebrication problema.
“The APU and rocket motor manufacterers need materials for bearing azd seal com-
ponemts in equipment that.is now being developed., The wear applicaticns in astici-
pated {uture power plants are expected to be even more demandmgotmruis. The

rechmological advancernent of lubricants and materials for rabbing wear cornpoaents
ihas lagged behind the general aircraft power plant improvements of recent years, and
it threatens to seriously hamper advanced design plans for fzsm aircraft.

The developeoent of the experuneml apparatus and the evaloation pnacednre for
the comparison of prospeciive seal amd bearikg materials under conditions of high- -
speect robbing wear has been accomplished in this prograrm. A comparison of the .
experimental results with known field experic nce has indicated that the lobrication and
wear comditions in a face-type shaft seal have been simulated 1n this equipmnent, which
atilizes stail specimens of simple skape. Thus, the wear characseristics of materials
dwhck\twoulibedﬂﬁcﬂtbhbrmmiuﬂ size seal riogs can be evalsated
Guickly and ecammcany. The stody of the lubrication and frictiocpal phenomens of
experimental materials wader high-speed robbing wear in eievated temperatare
gaseous envirowments can be casily accomplished with this apparatus. The robbing
wear evaluation of materials in the more corrosive liquid envircoments {J.7-X. TRFNA,
etc,} can be conducted in a rimiiar apparates that is suszably adamediﬂ»r bamdlinmg these
liquids, Sn\ce a program for the sindy of prospective bearing and seal materials for
operation under the envirommertal conditions encountered in present and {eture air- -
craft accessory equipenent and rocket motor applications appears to be both feasible
and profitabie, the initiation of such a program: is highly recommaded

{Data for this report are recorded in Bauelle Laboratory Record Books No. 9400,
pageu”&mnghﬁandms&w& and No. 11342, pages 4 throogh i1, :
inclusive. )
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